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intense thunderstorm and tornadoa The cold air which 
was over the Piedmont 
have ridden back over the 
produced a thunderstorm coming 
southwest. Anyway, there is 
for such cold surface air to 
running warm air. 

The most reasonable esplanation seems to be that the 
cold air remained in the valle behind the Blue Ridge 

that when this cold air was pushed out bodily, beginning 
in the southwest, it spilled over the Blue Rid e on top 

produced in this way might be exceptionally intense and 
would be confined to a relative1 small strip of moderate 

to 0.58 inch from 9:05 to 11:45 p. m., and it was followed 
later by a characteristic shower of 0.13 inch on the arrival 
of the wind+hift line.-C. F. Brooks. 

for an hour or two after it was b P own off the Piedmont, and 

of the much warmer wind on the Piedmont. .fi he storm 

length. At Lynchburg the rain 9 rom this storm amounted 

ABNOBMAL CHANQE OF TEDSPERATURE AT TOKYO 
AND SmAGAWA. 

By K. SIGETOHI 
[Abstract.] 

In the August, 1918, issue of the Journal of the Me- 
teorological Society of Japan (pp. 49-54) there is nn ac- 
count of abnormal changes of air temperatuie n t  a nuni- 
ber of Japanese stations on March 20, 1918. At Sina- 
gawa, 9 Inn. south of Tokyo, the 
m 50 minutes, and there was a 
An extreme case is 
9.8’ C. in 20 minutes at Tokyo in 1912. On March 20, 
1918, the land was overlain by a cold wedge of air, thick- 
est in the north; and rtbove this cold air there was a 
warm current from the south. As the outer margin of 
this cold mass of air vaned back and forth; there were 
correspondin ly extreme changes in tem erature-now 

of the norther1 one. The morning weather map and 

produced. 
Dbcussion.Cudden rises in air temperature not in- 

frequently accom an the aiTival of a warm wind, the 
lower boundary of w&ch has gradually descended till i t  
reaches the surface with apparent abruptness. Simi- 
larly, if a wedge of cold air is slow1 {rushiig under a 
warm wind, there will be an abrupt m tern erature 

such currents there is usuall a mixture fo “he per- 

period of many hours shows how slowly two currents of 
air of radically different tem eratures affect one another 

notes on similar occurrences in the United States, see (1) 
page 463 of this issue of the REVIEW, (2) note on Three 
ice-storms, Science, August 8, 1913, and (8) Ice storms of 
New England, Annals, Obs. Harv. Coll., volume 73, 
part 1, 1914.-0. F. B. 

to the warmt fl of the southerly wind and t f en to the cold 

the thermograp z and wind records a t  10 stations are re- 

when the cold air arrives. On the boundaries g etween 

sistence of the occurrence o 9 such abrupt c %- anges for a 

when the denser one is beow f the lighter. For some 

MAJOR COXTBOLS OF TEE CLXMATBS OF THE 
UNITED STATES.’ 

By ROBERT DE C. WAED, P m f m r  of Climatology, Harvard University. 

Climate in generaL4limate is accurately and briefly 
defined aa average weather. But means, or averages, may 

be made up of very different values of the elements which 
go into them, and therefore a satisfactory presentation of 
climate must include more than mere averages. It must 
also take account of regular and irregular daily, monthly, 
aad annual changes, and of the departures, mean and 
extreme, from t,he ayerage conditions which may occur 
at. the sanie place in the course of time. This estension 
of the definition of cliiiiate is especially iniportant in any 
region where irregular c,yclonic Fanations of weather 
conditions are frequent, as in the so-called “ temperate” 
latit,udes of bot,li northeim and southern hemispheres. 
Therefore, just ns wpather types chnnge from day t.0 day, 
and froin season to’ season, under p ng controls, so 
climat,e is the resultant of many variah T es. One climate 
differs from nno t,lier because of a different conibination 
of these cont,roLq. While it is a relatively simple matter 
to enuiiierate t.lie Iactois which coiiibine to roduce any 
giren dimate, it is difficult., if not iinpossibe, P to deter- 
n+e, quantitativeJy, the relative iniportance of these 
different, controls, so intimately are they connected and 
so comples are their effects. 

The mwjor co)~trols qf ch.ctfe.--TIie sun is obviously 
the fundamental control of climate. The general distri- 
bution of temperature oyer the earth’s surface, as well 8s 
the diurnal and seasonal chnn es, depend upon variations 
in the intensity and in the f uration of sunshine. This 
solar control of climate is c.oninion1y kuown as the control 
by (1)  Z&itude, arid stands first. If the sun alone were 
concellled, all places on the saiiie latitude circle would 
have the same for the inteiisit and amount of 
sunshine depend upon the angle of inci B ence of the sun’s 
rays, and upon t,he length of the day, and both of these 
depend on latitude. 

buch a condition is Fer>- decidedly n:odified by the 
distribution and influence of (2) 1a .d  and water; (3) 
mountniie bu:rrimY, (4) altitudf, (5) prevailin uinds, (6) 
ocean mtrrc?ts, awl temporary (7) stwms. 4 he reaction 
of the physicd features and condit.ions of the earth’s sur- 
face upon the atmosphere resultas is what is termed 
physical climate. According to t.he dominant control in 
each case we may have continmtal, marin.e, or mountuin 
diniates. In  the first, land is the essential control; in 
t.he second, the ocean; in the third, dtit-ude. An ex- 
treme development of the continental type is a des& 
climate. A transitional type between continental and 
inarine, is a. Et tod  cliniate.3 The relative iiiiportance of 
t,he above-mentioned niajor controls of climate, and the 
types of cliniate which result from their interaction, 
inevitably vary greatly in different places accordin to the 
geographical location, and the physical, topograpkc, at- 
mospheric, and other condibions pecuhar to each district. 
For the United States the outstanding facts re arding 
each of these major controls are here bnefly state % . 

Latitzrde.-The difference in latitude between the north- 
ern and the southern portions of the United States is the 
fundamental control which determines the important. 
fact that t.he mean annual, the seasonal, and the monthly 
isot.herms as a whole show prevailin ly lower tern eratures 
in the north than in the south? Q et these is0 tp ierm do 
not run east and west a.cross the continent, as the would 

latitudelinesshow theinfluenceof othercontrols, such, e. ., 
as land and water, mountains, ocean currents, win di s. 
If winds have a freesweep across n country they inevitably 

were latitude the sole control. Their deflections 9 rom the 

%Solar clinaate is the term for a climate wliich is controlled solely by the amount of 
solar radlstim which any place receives by r e m  of its latltude alone. 
: For fuller details re rding the characteristics of these dlffereremt types of climate 

sea R. De C. Ward: L‘Cfmate amsidered especially in relation to mgn,” So, ad ed.; 
4 Sea e g the charts of monthly and annual Isotherm8 in Bartholomew’s “Atlas of 

Metaorhcg’99 1888 PIS 7 aud 8- also the mesn annual Jan and July isothermcrl 
cham in 

NBW York Snd IAOTI~OII, 0. P. PU~XIEIII’S &%IS. 1918. 

d seriea bl (ldlimatic dherts of the United Stabs,’,%. Weather Burnu, 
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wi e out climatic boundaries. They import heat and 

sometimes even completely-nullify the effects of latitude. 
While it is, therefore, impossible to give an quantitative 

sunshine, here expressed by the t3rm btitude, must be 
placed first in the list of ma'or controls. 
hn& and water.-The induence of latitude may be 

wholly overcome by tho effects of land and water. Land 
and water are fundamentally different in their behavior 
regarding absorption and radiation. Land areas, and the 
sir over them, warm and cool readily and to a consider- 

Water a rea ,  and the air over them, warm 
and coo dYree. slowly, and relatively little. In  the same lati- 
tudes, disre arding possible permsnen t differences in 

and water surfaces is much the same. Tha differences 
in absorptive power of different land ureas, also of water 
surfaces in various conditions of disturbance or quics- 
cence, may be quite noticeable. However, the absorbed 
heat penetrahs to but slight depths in the case of 1t.lntl 
surfaces, and because of tlie lvw spcific heat of esrtli ma- 
terials, especially wlieii dr , the surface temperature, of 
land areas incmises great P y under iiisvlatioii. Since the 
coefficient of radintion is comparable with that of absorp- 
tion, the loss of temperature under coo!ing conditions IS 
considorable. In  contrnst to this, the heat absorbed by 
water surfaces may penetrate to considerable ddpths, 
which, coupled with tlie very high specific liest of wa~kr,  
causes but sli$ t cliaiige of temperature under eitlici 
hcntin or cooling condition.. 

The 5 nrger continental mens of the middle and liigh!br 
latitudes, therefore, have great seasonal fluctuations 111 
bmporature. They are distinctly radical in their ten- 
dencies. They absorb much heat, but part with i t  rend- 
il . me oceans, on the 0th br hand, are conservativu. 
d e y  warm but little during the day, and in summer. 
They cool but little during the night, and in winter. 
They take in little heat, and part with it reluctantly. 
Conservatism in temperature is a distinctive feature of 
marine climates. -4nother essen tial difference between 
oceans and continents is that tho waters of the oceans are 
almost constantly in motion while thelancls are stationary. 

The tom eratures of the oceans in higher and in lower 
latitudes J u s  tend to become equalized. This process 
resulta in keeping the watera near the Equator from be- 
coming as warm, and those away from the equator from 
becoming as cold, as they otherwise would be. The land 
masma, on the other hand, have to take tho temperature 
a pro riate to their latitude and season. It follows, 
tfe&re, that North America as a wliolu is cooler in 
winter and warmer in summer than the adjacent oceans 
in similar latitudes. This is clear1 shown on the iso- 

In the average 
for the year, the lower latitudes of North -4merica are 
warmer than the adjacent oceans in similar latitudes, 
while the h' her latitudes are colder. It is obvious that 
when an is0 B erm crosses both land and water areas it is 
likely to be deflected, poleward or equatorward, according 
to the surface, whetlier land or water, over which it passes. 
Differences in climate along the same latitude circle 
necessaril result. 

the United States x a t  the &rth American continent 
broadens to the north and narrows to tlie south and does 
not become narrower in middle and hieher latitudes as 
South America does. The races whicg have migrated 

cod  f from a distance, and often to a marked degree- 

estimate of the importance of latitude as a c I 'matic control 

cloudiness, t % e insolation received a t  the surface on land 

thermal chark for January and JuY.~  s 

It has z een of ve great im ortance in the history of 

from Europe to make up the American people have tliucr 
been able to spread over a vast extent of country in the 
Temperate Zone, having climatic conditions not vergy 
unlike those of their Old World homes. Were the conti- 
nent broad& to vie south, in the trade wind zone, nn 
American Sahtm would replace the Gulf of Mexico and 
the great agricultural regions of the United States would 
be c.orrespondingly less extensive. "he usefulness OF 
North America as a new home for the overflowing popu- 
lations of Europe would under such conditions have been 
very greatly restricted. 

The relative preponderance of land or of water influ- 
ences depends upon a number of factors, such as dis- 
tance from the ocean; the direction of the prevailing 
winds; the presence of mountains in the way of onshore 
winds, etc.. In the United States, the controlling water 
areas are (a) the Pacific and (b )  the Atlantic Oceans; (c) 
the Gulf of Mesico, and, to a much less degree, (d)  the 
Great Lakes. Neither of the two oceans can attain its 
m&ximum control over the climate of the adjacent con- 
tinent-one, the Pacific, because of the presence of the 
niasshe mountain barrier near tlie coast; the other, t+e 
Atlantic, because it is on tlie leeward side of the conti- 
nent. In  the nnrrow Pacific coastal slope tlie climates 
are unlike those elsewhere in the country, and in many re- 
s ects resemble those of westeiii and southern Europe. 
Jeing exposed to the iiifluence of the Pacific, with the 
prevailing winds blowing directly from the conservative 
ocean, the climates are on tlie whole relative1 mild and 
equable, with slight seasonal fluctuations. T ie  seasonal 
contrasts are most marked where the marine influence is 
lessened, as in the valleys to the east of the Coast Range. 
The Slope thus has various types of transitional littoral 
climates, with increasin ly marked continental features 
over the sections whiclf are most effectively shut off 
from the ocean influences. 

The influence of the Atlantic Ocean is much dimin- 
ished by the fact that the "prevailing" winds are off- 
shore. much of 
the tempering effect usually associated with x e comer- 
vative ocean waters. "he Atlantic coastal belt, exce t 
when the winds temporarily blow onshore, does not d e r  
very much from the interior. This is clearly seen on 
the chart of mean annual ran es of temperature. Fairly 

carried eastward to the coast, and, even over the ocean, 
for some distance offshoreP Thus the summers are 
warm along the Atlantic coast, and the winters are cold. 
The climate is not littoral; it is continental. The 
Southern States naturally have milder winters than do 
the States along the northern Atlantic coast, owing to 
the lower latitudes and the greater frequency of warm 
winds in the south. The importance of the Atlantic 
Ocean as a source of water sup ly is, however, very con- 
siderable. To the water vapor grought from the Atlantic 
by easterly storm winds the abundant and well-dis- 
tributed rainfall of the Eastern States is largely due. 
The increase in the mean annual rainfall from the inte- 
rior toward the Atlantic Ocean, and the general parallel- 
ism of the rainfall lines with the Atlantic coast, indicate 
that much of the water vapor must be supplied from this 
ocean. 

The Gulf of Mexico is an im ortant control of the 
climates east of the Rock dunta ins .  It occupies 
latitudes which in the Old 8o r ld  include the Desert of 
Sahara. It is a very warm body of water.' Its maxi- 

Hence it follows that there is not ve 

large ranges, characteristic o f a continental interior, are 

0 %  Atlas of Meteorology, pl. 2, text 
The mean surlsoe tam eratum In & i y  averagea between 88' and 77.. md in 

August, betwean 82.5' mi 84'. 
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mum effects are seen during the summer months, for 
then the prevailing winds over most of the eastern United 
States are from southerly (SE., S., SW.) directions. 
These winds are well laden wit,h vapor, and it is to them 
that much, if not most, of the summer rainfall over this 
eastern y e a  is. due. Furthermore, throughout trhe year 
and especially rn winter, temporary warm and damp winds 
associated w1t.h assing storm (cyclonic) condit,ions, blow 

and thus carry the warmmg influence of t.he Gulf of 
Mesic0 far northward. These warm spells temper the 
winters of the northern districts, interru ting the severe 
cold that comes wit,h the westerly an$ northwesterly 
winds from the northern continental interior. In  sum- 
mer, these southerly spells are hot, muggy, and depress- 
inf.. The sharp contrast between the weather type 
w ich is associated with cold northerly winds, and that 
which comes with warm southerly winds from the Gulf, 
is one of the striking and characteristic features of trlie 
climates of much of the great region east of t,he Rocky 
Mountains. 

The Great Lakes are of relatively subordinab im- 
ortance as ma'or climatic controls, but they show 

significance. The lee shores in several cases show heavier 
annual rainfalls than the windward shores, but the escess 
is relative1 rather slight, being generally not over 5 
inches. TCe effect is probably greatest h the case of 
Lake Superior. Local topooraphy is here, as alwa>%, an 
important factor in con t robg  the amount of rainfall. 
The belt between the 30-inch and the 35-inch mean annual 
rainfall lines shows a rather significant widening toward 
the Lakes. This fact, to ther with the general trend of 

indicates that the Lake influence is present, althou h not 
very striking. The rain-bearing winds in this cistrict F 
are to a considerable ext,ent from easterly directions, and 
for that reason the sli ht difference in rainfall between 
windward and leewar% shores is not surprising. In 
winter, when the cold westerly winds sweep across t.he 
open waters of the Lakes, the snowfall on the lee shores is 
dlstinctly increased. 0t.her effects of the Great Lakes 
are the decreased int,ensity of severe wint.er cold waves 
resulting from the tem ering influence of t.he wat,er; 

and the earlier date of the last killing frost of spring in 
favored localities, as in t,he famous Chautauqua grape 
belt; the development of onshore lake breezes on fine 
hot summer daya, as studied at  Chicago; a local increase 
in cloudiness and in relative humiclity, and some otSl;er 
minor effects. Details concernin these conditions belong 
in a study of local climates, an% are out of place in a 
v broad consideration such as the present one. 

%mntain barriers.-Mountain ranges, especially high 
and extended mountain ran es, are eft'ective climatic 
barriers. If thev stand in t e ath of the prevailing 

fall; in tem erature; 111 cloudiness; in humidit on their 
opposite sdes. When near a coast, especi a19) y a wind- 
ward cowt, they prevent ocean influences from extend- 
in inland. 

%he most important mountain barrier in the United 
States is that formed by the Pacific Coast ranges (Cas- 
cades, Sierra Nevada, Coast). These western moun- 
tains revent the influence of the Pacific from being 

coastal belt, much of which has a modified marine climate, 
from an interior east of the Sierra Nevada-Cascades, 
where the rainfall is less and the ranges of temperature 

with considerab P e frequency from soutsherly directions , 

Lcal effects whic h are in many cases of distinct econoniic 

these, and ot,her, rainfall T ines in t,he Great Lakes region, 

the later occurrence of t g e h t  killing frost of autumn 

winds they may bring about mar fp -ed differences in rain- 

Carrie a far into the continent, and thus separate a'narrow 

are much reater. The influence of the western barrier 
u on the c L a t e s  of the North American continent as a 

systems trend in a northwesterly direction in the higher 
latitudes, where the continent broadens, thus limiting 
the marine influences still further to the more immediate 
Pacific coast. The situation is quite different in Europe, 
where there are no high west coast mountains aad where 
for t,his reason, mid because the windward margins of the 
continent a.re much inclented by numerous water bodies, 
the ocean influence is carried far inland by the prevail- 
ing westerly winds. The Rocky Mountains, together 
with their collateral ranges, are far less important as a 
cliniatic ba.rrier than they would be were there no Pacific 
ranges. The latter being farther to windward naturally 
have the greatcst effect. The influence of the Rocky 
Mountains is seen in their local effects upon rain and 
snodnll; in their acting as a barrier against the spreading 
of cold waves over the Plat,eau region from the east; in 
the warnhg which bodies of air undergo as they descend 
the slopes (chinook winds) ; in the differences which 
often prevail between the weather types to the east and 
west of the continental divide, and in other ways. 

The A > >alachia.iis as a whole are not an effective 
harrier. %ey are not high. They are near the leeward 
maruin of the continent. They are more or less parallel 
to trEe direct.ion of the prevailin winds during much of 

west,ern slopes do not, taking the system as a whole, 
show very marked a i d  persistent differences. Even in 
winter they do not protect the districts to leeward from 
invasions of continental cold. The A pdachians do, 

cliniates of their immediate surrounding. #he fact 
that the lesser mountain lmrrier is on the east of the 
continent and the greater barrier on the west, macle it 
easy for the early settlers to cross the Appalachim area 
through the ns.tura1 gateways, and then to espand over 
the great interior lowlands, where they found favorable 
dinistic conditions. 

It is one of tho striking characteristics of the topog- 
raphy of the United States that there is no great trans- 
verse (i. e., east md west) mountain barrier. lii going 
from s0ut.h to nort,h, or vice versa? no sucldm changes 
in climate are met with. The gradations are slow and 
gradual. The climatic subdivisbns are, therefore, se a- 
rated by meridianal, and not by lat.itudina1, lines. $he 
influence of the Gulf of Mesic0 would be much dimin- 
ished if there were a transverse range of high mountains 
acmss the Mississippi valley. Such a range would cut 
off from the districts to the north of it the warm southerly 
winds 2nd the rainfall which now have free access from 
the Gulf. The severit of the winterswould, therefore, be 

east of the Mississi pi River. A transverso mountain 
range, on the other 1: and, would be a great protection to 
the SoutliernStatcs in winter, in keeping out the cold 
northwest winds, which now have a free sweep from the 
western plains of Canada to the Gulf, and often cause 
great damage to crops iu the far south. The signxcant 
fact concorning the topograph of the eastern United 

malogy here with the conditions over much of Euro e, 

much more niarked way. 
The fact that tho western mountain barriers largely 

provent the importation of water vapor from the Pacific 
Ocean into the interior of the country adds very greatly 

w Y-l ole is accentuated by the fact that the mountain 

the year. The amounts of rain P all on their eastern and 

however, show many local ba.nier e E ccts u on the 

considera1)ly incrensec T over the nort,hern tier of States 

Statas as i~ wholo is its uii ? ormity. There is some 

where the mild nnd dam 1 southwesterly winds from t 5l e 
warm Atlantic temper t h e winters in a similar though 
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to the importance of the control which the Gulf of Mexico 
can exert over the rainfall 05 the eastern United States 
in the absence of any transverse mountain barrier. 
From the Gulf comes an abundant supply of rainfall, 
which to a large extent compensates for the loss resulting 
from the presence of the western mountains. Were tshere 
no western mountain barrier, the Gulf, while still of 
importance, would be a less critical control. In  Europe, 
where hi h western mountain ranges are lacking, the 

therefore, no such need of an amsiliaw sup ly from the 

there mere a hiph transverse mountain barrier across the 
Mississippi Valley, the rainfall over much of the United 
States east of the Rocky Mountains would doubtless be 
far less favorable for agricultural purposes nnd for the 
homes of a large population. Indeed, it is probable that 
semi-ariditv might to a considerable estent replace tho 
present s&cient and well-distributed rainfall over much 
of our best farming land. 

AZtitude.-The barrier effects of niouiitahs are simply 
due to the obstacle that mountain ran es put in the way 

on the opposite sides of the barrier. A narrow wall, as 
high as the respective mountain ranges, would accom- 
p!ish essentially the same results. In  addition to this 
smple barrier effect, mountains and highlands have 
certain special climatic peculiarities because of their 
elevation above sea level. It is here that the control of 
climate by altitude is met. Mountain and plateau cli- 
mates are always placed in a grou by themselves as 

contrasted with the latter, are characterized by a general 
decrease in ressure, tem erature, and absolute humidity, 

ranges in soil temperature, higher wind velocities, usua ly 
a greater frequency of rain and snow and, up to a certain 
altitude, more of it. “Inversions of temperature” (I. e.., 
where the temperature increases with mcreasuig alti- 
tude) are frequent characteristics of the colder months 
and of the night. Such conditions often give inoun- 
tains the advantage of hi her temperatures than the 

winter resorte. In  summer, altitude gives relief from 
the heat of the lowlands. 

Broad generalizations such as thege sei’ve only for the 
oses of a very brief summary. The local topography 

tions in climatic ponditions. Mountams both modify 
the general and g v e  rise to local winds. Among the 
latter, the well-known mountain and valley winds are 
often of considerable hy ienk importance-in their control 

su ply o P water vapor from the Atlantic is freely dis- 
tri i uted to the eastward, over the continent. There is, 

Mediterranean. If there were no Guu of R lexico, or if 

of climatic conditions, which would ot Ei ierwise be similar 

distinguished from those of lowlan 1 s. The former, as 

an increase g intensity o P insolation-and radiation, lar er 7 

adjacent v d e  or lowlan 3 s-am fact of importance in 
connection wit F the use of certain mountain stations ns 

is pT o prime importance in bniigmg about many modifica- 

of the diurnal eriod o B humidity, cloudmess, and rain- 
fall. In  the vp nited States the greatest and most wide- 

highland area in the Southern States, with its lateaua 

and su ar cane, t-hese typical southern cro s, and the 

have occupied much of the area which, with ita more 
“ temperate’’ plateau and mountain climates, W ~ S  actu- 
ally settled by a very different sort of population, en- 
gaged in different occupations. 
Prevailing u.inds.-Most of the United States lies in 

what is generally known as the belt of the storm-bearing 
‘‘prevaillng wester1 winds.” To the south, the States 
bordering on the 6ulf of Mexico, already subtro ical 
in latitude, share also in the wind system wkch 
is characteristic of tro ical countries, vie, the trades. 

find their initial cause in the great permanent dif- 
ferences of temperature and of pressure between equa- 
tor and poles, but are greatly modified by local pressure 
distribution. Ycar by year the order1 succe,ssion of 
the seasons brings a warming and a c o o h  of the con- 

over t.he contineiit, but also over the adjacent oceans. 
Sympathetically, dso, t-he prevailing winds show a 
scasonal change in their directions. Other influences 
dso play a part,. The great mountain systems are bar- 
iioix in the path of the winds. The general cohfigura- 
tion of the country-the trend of iiiountnins and of 
valleys, locations to windward or to leeward of moun- 
trains or of lakes, the hour of the day or night, exposure 
to land or sea breezes, and, more important than all, 
the varying storm control-all these have a share in cpn- 
trolling the winds, both in direction and in velocity. 
And as winds are of critical importance in controlling 
weather types, their direction and velocity, however 
controlled, are fundamentally important in any study of 
climate. The “prevailing wind ’ in summer may be a 
vory warm one, as is the case over most of the-eastern 
lLTnited States, where southwester1 wind directions are 

naturally increase t,he sumnier heat. Or, the revail- 
ing winter wind may be a cold one, as in New &gland, 
thus niakin the mnters more severe. The reversal of 
the “ p r e v a k g  westerly winds,” under the control of 
passing conditions of high or low pressure is so frequent 
that many persons, es ecially along or near the nor- 
thern Atlantic coast, l n d  it difficult to believe that 
t.he “ F i l i n g  winds” are actually from the west. 
Easter y stornq, easterl winds blowin on shore from a 

tively insignificant sea breeze of summer, a l l  combine 
to keep up this impression. 

The great pernianent areas of hi h and of low pressure 

“centers of action”-pla a considerable part in deter- 
mining the directions o l t h e  prevailing winds on the 
continent. The low pressure system over the northern 
North Atlantic (“Iceland LOW”) exerts a marked control 
over the revailing northwesterly winds of the north- 
eastern &ited States in winter. The tropical high- 
pressure belt of the North At.lantic has an important 
share in determining the great flow of southerly winds 
over the southern and eastern ortions of the coun- 

eneral character of the seasons in the eastern &ted 
hates. On the Pacific coast, a low-pressure area over the 
northern North Pacific (“Bering Sea or Aleutian LOW”) 
in winter largely controls the prevailing southwesterly 
and westerly winds of. the northern portion of this coast, 
while the tropical high-pressure belt lying farther south 

and slopes unsuited to the growth of tobacco an $ cotton 

negro fabor which they necessitate, woul t; doubtless 

These trade winds, li R -e the “prevailing westerlies,” 

tincnt. The pressures change systeniatic aB y, not only 

dominant during the hot mont. %s . Such conditions 

high pressure area off t. i e coast, even t B e local and rela- 

over the oceans adjacent to North L ierica-the so-called 

try throughout the year, as we lf as in controllin the 
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also influences the wind directions, especially along the 
southern portion of the coast. 

Ocean mwe&.-Too much emphasis is usually laid on 
ocean currents as controls of climate. It should be 
remembered that an ocean current can have practically 
no influence on the climate of an adjacent land unless 
the wind is blowin onshore, and further that ocean waters 

are conservative bodies, and, t erefore, tend to temper 
the cold or the heat of any land over which their influence 
ma be carried. It is true enough that the Gulf stream 

waters off the eastern coast of the nited States warmer 
than they would otherwise be, and that the Labrador 
current is a cold flow which chills these same waters to a 
lower temperature than they would otherwise have. And 
on the Pacific side, the Japanese current, flowing south- 
eastward along our western coast, with a subordinate 
eddy circlin around the Bay of Alaska, certainly contrib- 

warmer in winter than they would be without that 
current. A glance at the isothermal charts of the world 
at once shows the effects of these currents in deflecting 
the isotherms. Off the Pacific coast of North America, 
the isotherms are carried equatorward by the southward- 
flowing Current passing along California and Mexico, and 
poleward by the edd which flows from right to left 

apart of the isotherms and a tendency toward an 
equalization of the temperatures along the coast. On the 
Atlantic side, on the other hand, the isotherms are 
crowded together. The Gulf stream carries them north- 

the southern and central portions of the coast, 
while ward alOY the abrador current carries theni southward along 
the coast of New England and the Canadian Provinces. 
Hence there is a ve rapid decrease of temperature 
northward along the Ttlantic coast, which amounts to 

Yl 
in themselves, wit % out the he1 of any ocean currents, 

an B the Gulf stream drift do kee the North Atlantic e 

Utes  toward !k eeping the Pacific slope climates rainier and 

around the Bay of A s aska. The result is a spreading 

3 7 O  ff n m r  1at;tiida ~ D O P P A  in J s n i i a r v  

Stoirn control.-In the “Temperate Zones” the weather 
is largely controlled by aasuccession of low and high 
pressure areas (“ cyclones ” and “ anticyclones ”) , moTe 
or less irregular in their occurrence; uncertain in them 
progression and direction; and diflering considerably in 
their c.haracteristics. Heme, weather chan es are cor- 
rezpondinglp irregular, uncertain, and fiveme. Of 
weat,her types there is an almost endless variety. These 
different t v p s  wire our climates their distinctive charar- 
tern, and ti) aTarge estont detei-mine the amount and 
distribution of temperature; of rain and snow; of humidi- 
ty ; of cloudiness. Cyclones and anticyclones are, there- 
fore, essential controls of climates in the latituda of 
the “ prevailing mest,erlies. ” Over the Teniperate Zones 
a3 a whole there is a great ring of stormy weather, 
ozcillating poleward and equatorward as tlic sun moves 
to and fro in the course of its re lar migration. I n  

under the influence of this storm helt. Storms are not 
only more widely distributed then, but, t;hey are also 
larger, more frequent, more violent, and move faster 
thah in suniiner. Hence, all changes of wind, tempera- 
ture, and meat,lier occur oftener, i re  more sudden and 
more emphatic at, that season. In summer, when the 
general storm belt swings to the north, the storm ele- 
ment in our weather changes is weakest. The dominant 
weather types are chieflv asswiated with the regular 
changes from day to night.. Periodic, diurnal phenom- 
ena re lace nonperiodic, cyclonic phenomena. The 

climatolc?gica’l in\-es tigation. Yet an\Tone who seriously 
att,em t8s to study the climatology of the United States 
shoul cp have a series of weather maps in one hand, and 
a set of climatic c.harts of the country in the other. 

of the former, tho more intelligent is his apprec.iation o 9 He will soon realize that the better his understandin 

the latter. 

w i n k ,  practically the whole of tr e United States is 

det,aile c r  study of weather t?rpes is not a part of ordinary 


